The discovery of RNA interference (RNAi) and the development of technologies exploiting its biology have enabled scientists to rapidly examine the consequences of depleting a particular gene product in a cell or an animal. The availability of genome-wide RNAi libraries targeting the mouse and human genomes has made it possible to carry out large scale, phenotype-based screens, which have yielded seminal information on diverse cellular processes ranging from virology to cancer biology. Today, several strategies are available to perform RNAi screens, each with their own technical and monetary considerations. Special care and budgeting must be taken into account during the design of these screens in order to obtain reliable results. In this review, we discuss a number of critical aspects to consider when planning an effective RNAi screening strategy, including selecting the right biological system, designing an appropriate selection scheme, optimizing technical aspects of the screen, and validating and verifying the hits. Similar to an artistic production, what happens behind the screen has a direct impact on its success.
INTRODUCTION
The ability to genetically manipulate model organisms has furnished scientists with an incredible set of tools with which to understand human biology as well as the mechanistic basis of human diseases. From the selective breeding of plants, flies, bacteria and yeast, to genetic complementation using fused cell heterokaryons or cDNA libraries, our grasp of gene regulation and its involvement in development, aging and disease has been increasing exponentially. Recently, the discovery of RNA interference (RNAi), and how it regulates gene expression, has given scientists an additional tool to further our understanding of human biology. Using this instrument, almost any gene product can be selectively depleted and, through the advent of genome-wide RNAi libraries, this process can be accomplished in a high throughput and unbiased manner. Several excellent reviews discussing RNAi screens have been recently published [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , some directed towards specific applications, and the reader should refer to them for specific examples and experimental details. Here, we review the various types of RNAi screens, with a focus on the technical considerations and design aspects essential to building a successful loss-of-function screen in mammalian cells. Similar to an artistic production, the success of these screens lies in the technical support and preparation behind the curtain.
THE ACTORS (TYPES OF RNAi MOLECULES) siRNA/esiRNAs
Small interfering RNAs (siRNAs) are synthesized duplexes of RNA ranging in size from 19 to 27 nt [11] . Numerous companies offer individual siRNAs as well as libraries either targeting the entire human or mouse genome, or focusing on a subset of molecules, such as kinases or phosphatases. siRNA libraries generally come pre-arrayed in 96-or 384-well format and each gene is usually targeted by several independent siRNAs. Enzymatically generated siRNAs (esiRNAs) are produced from in vitro transcribed long dsRNAs (300-500 bp), which are digested to short double-stranded RNAs by the nuclease Dicer or RNase III. This type of resource can be generated by the researcher [12] or acquired commercially. Both siRNAs and esiRNAs are introduced into cells by transient transfection.
shRNAs Small (or short) hairpin RNAs (shRNAs) are 65 nt RNAs that contain complementary sequences at their 3 0 -and 5 0 -ends. shRNAs are typically cloned into a viral vector backbone, which, with the assistance of a packaging cell line, can be used to generate viral particles to stably transduce the cell type of choice. Upon transcription, the RNA folds back on itself and forms a short hairpin with a small 4-to 8-nt loop. The shRNA is recognized by the Dicer complex, which cleaves the shRNA to generate siRNAs [13] [14] [15] . A variant of shRNAs, the shRNAmir, was introduced by the Hannon and Elledge laboratories [16] . In this variant, the shRNA is embedded in the mir-30 scaffold so it resembles and is processed like an endogenous microRNA. Unlike shRNAs, which can only be transcribed by pol III, the shRNAmir can be transcribed by either RNA pol II or pol III. Similar to siRNAs and esiRNAs, shRNAs can be acquired, either individually or in library format, through several providers. Most companies provide shRNAs as either bacterial clones or viral particles.
miRNAs
MicroRNA (miRNA)-based screens refer to the recently available libraries either overexpressing or depleting all known mouse or human miRNAs.
We included these libraries in this review because they rely on the mechanism of RNAi for their action, and therefore similar precautions must be used when designing this type of screen.
Although siRNAs, esiRNAs and shRNAs can all lead to robust depletion of the targeted gene products, there are specific advantages and disadvantages to each one (summarized in Table 1 ). The major advantages of siRNAs and esiRNAs are that: (i) they can be transfected or electroporated in the target cell of choice with relatively high efficiency [17] [18] [19] ; (ii) they can be rapidly and, in the case of esiRNAs, economically generated; and (iii) they can be associated with reduced off-target effects (esiRNAs are composed of several different siRNA-like oligonucleotides, thereby diluting off-target effects [20] , and siRNAs can be chemically or structurally modified to greatly reduce the likelihood of off-target effects (reviewed in [21] ). Their biggest disadvantages are: (i) they produce only transient effects, thereby limiting the screens to phenotypes that can be observed in a short period of time;
(ii) some cell lines can be refractory to transfection and electroporation; (iii) siRNA libraries have a finite 'lifespan' and have to be re-ordered/re-synthesized; and (iv) they are not particularly suitable for pooling strategies, and instead require an array format (see below).
For shRNAs, the advantages include: (i) stable incorporation in the genome of the target cell line, which allows screening for phenotype developing over a long period of time, including in model animals; and (ii) they are amenable to pooling strategies (see below). Their biggest disadvantages are that they require: (i) more experimental setup if viruses need to be generated; (ii) a biosafety level 2 (BSL2) containment for retrovirus screens and a BSL2 þ for lentivirus screens.
The miRNA libraries are the latest tools to study the increasingly vast roles played by miRNAs in the cell (reviewed in [22] ). The recent addition of these libraries represents the advantage of a relatively untapped resource that could yield significant findings. However, these libraries are most likely incomplete, and potentially more miRNAs will be discovered, as well as other regulatory RNAs such as piwi RNAs (piRNAs) and long intervening non-coding RNAs (lincRNAs) (reviewed in [23, 24] ) which are not part of any library yet.
THE PRODUCERS (RNAi SCREEN FORMAT) Types of RNAi libraries
RNAi libraries (or sub-libraries) can be arrayed in multiwell plates, each well containing a single shRNA/siRNA species (arrayed format) or for shRNA libraries, in pools containing 5000-10 000 shRNAs (pool format). The arrayed format is the choice for siRNA-based screens, although shRNA/miRNA screens can also be performed in this format [25] . These screens are suitable for any phenotype that can be assayed or visualized. The advantage of the array format is that it does not require the selection or isolation of the desired phenotype, as long as it can be detected or assayed in the well (Table 2 ). However, the major disadvantage is its requirement for high throughput equipment to transfect/transduce the cells, collect the data and analyze the results. It also costs significantly more than the pooled format in most cases. Pools of shRNAs are habitually transduced into a cell line at a high representation (each shRNA is present at approximately 1000 copies within the pool) and a relatively low multiplicity of infection (MOI ¼ 0.1-1.0). The high representation ensures that every shRNA present in the library has a chance to exert its role, and the low MOI ensures that the majority of cells receive only one shRNA. Pooled screens can be used to interrogate any phenotype that can be selected for, fractionated, or isolated. Cells harboring the selected phenotype are isolated and the candidate shRNAs identified by microarray or sequencing. The significant advantage of the pooled library approach is certainly its low cost and its feasibility to be used by labs that do not have high throughput screening capabilities. On the other hand, its main disadvantages include the need to isolate or select the desired phenotype from the total population and the difficulty to screen for complex phenotypes. Pool libraries are available from several commercial providers, and recently the DECIPHER open source RNAi screening project offers free of charge access to lentiviral shRNA pools and softwares to academic and non-profit institutions (http://www.decipherproject.net). Arrayed and pooled screens can be subdivided into positive and negative screens.
Positive screens
Positive screens identify siRNAs/shRNAs that confer a cellular phenotype that can be selected for (e.g. increased survival, invasion or migration capacities) or isolated through, for example, cell sorting or a reporter assay [26] [27] [28] [29] [30] [31] . A few groups have also used a mouse model for their positive screens, which they term in vivo RNAi screen [32] [33] [34] [35] . In positive selection screens using pooled libraries, the shRNA of interest can be identified by conventional sequencing of genomic DNA isolated from the positively selected/isolated cell. Alternatively, microarrays (using the barcode present in certain shRNA libraries or the hairpin sequence) and deep sequencing can be used to identify shRNAs that are enriched over the basal population. Different strategies have been proposed to identify the significant hits using the full hairpin, a half hairpin or the barcode present in some libraries [36, 37] .
Negative screens
Negative screens rely on the dropout of siRNA/ shRNA sequences from the treated population compared to a control, reference population. For example, the shRNA/siRNA of interest may result in cell death, and would therefore be significantly underrepresented-or absent-relative to the control population [38, 39] . Notably, shRNA pooled negative screens can currently only be accomplished through microarrays or deep sequencing. Synthetic lethal screens, a type of negative screen, originated from classical yeast genetic screens designed to identify two mutations that, in combination (but not alone), result in lethality [40] . Synthetic lethal screens have therapeutic applications in cancer biology, where they may be used to identify 'second hits' that can kill a cell bearing an oncogenic mutation. For example, recent RNAi screens have identified synthetic lethal interactions with the Ras oncogene [41] and the KRas oncogene [42] . A variant approach, referred to as chemical synthetic lethality, screens for genetic factors that modify the effect of a chemical [1] . This approach is extremely powerful to elucidate genetic networks and can have direct clinical applications. For example, synthetic lethal RNAi screens have been used to identify genes that, when knocked down, confer sensitivity to a variety of chemotherapeutic drugs including IKKb inhibitors [43] , olaparib [44] , gemcitabine [45] , paclitaxel [46] and camptothecin [47] . Synthetic lethal RNAi screens may also be used to identify new pathways involved in angiogenesis, cell growth, migration, or metastasis, which could be harnessed in regenerative medicine or cancer treatments. As pointed out by Mullenders and Bernards [1] , an advantage of RNAi over the traditional knockout is that the presence of residual gene activity conferred by RNAi more closely resembles the physiological situation achieved with pharmacological inhibition than the knockout which completely eliminates any gene activity.
THE SCRIPT (THE EXPERIMENTAL DESIGN)
As with any production, the storyline is critical for its success. Careful design and planning of the screen cannot be stressed enough. There are several key questions to consider. What is the biological question? Are there any indications that the cell line or mouse strain to be used in the screen can acquire the desired phenotype? If so, can the phenotype be selected, isolated or observed/assayed in a high throughput fashion? Can the predicted phenotype be efficiently and reproducibly measured significantly above the experimental background? Depending on the script, certain actors and producers might be better qualified (Figure 1 ). For example, if the cells that display the desired phenotype can be easily selected or isolated, a pooled library might be preferred. On the other hand, if the desired phenotype can only be observed under certain conditions or needs to be quantified, an arrayed format would be a better choice. If the cells are hard to transfect, a viral-based library might be preferable, and if the cells are slow or non-dividing, lentiviruses are well known for their ability to transduce arrested cells [48, 49] . Another variable is the budget for the production. Large laboratories or core facilities are likely to have the experience, equipment, and financial support necessary to carry out large-scale genomic arrayed screens, whereas smaller laboratories might prefer pooled viral shRNA screens or smaller sub-libraries made from in-house generated esiRNAs. Several screens have been done successfully in smaller settings using either approach [26, 28, [50] [51] [52] [53] .
An important reminder concerning RNAi is that the depletion of a target protein is never complete, and in many cases, a significant amount of biological activity remains. Therefore, some important players might not be identified if the phenotype to be measured requires a complete loss-of-function. On the other hand, partial depletions are useful to interrogate genes essential for cell viability. Additional criteria that also need to be taken into account in the experimental design are discussed below.
The one hit wonder
Irrespective of the format used, most genome-wide RNAi screens can only assess the effect of single experimental knockdowns on the phenotype of interest; for siRNA screens, one gene is depleted per well, whereas in viral-based screens, cells are infected at a low MOI that averages one shRNA per cell (as discussed above). Consequently, experimental designs that require the knockdown of multiple genes in order to obtain the phenotype of interest are not easily amenable to large genetic screens with today's tools. However, RNAi screens designed around phenotypes controlled by genes involved in redundant pathways can potentially be performed if one of the pathways is chemically or genetically inactivated. Similarly, a cell line could be engineered to be as close as possible to the desired phenotype, for example, by inactivating a tumor suppressor gene in a cancer initiation screen, or pre-selecting a cell line with an intermediate drug sensitivity for a drug resistance or small molecule screen. However, the rate at which the cell line spontaneously acquires the phenotype of interest should be very low to avoid an unmanageable rate of false positives (see below).
The scene for the show (the experimental system) Careful consideration should be taken when choosing an experimental system for the RNAi screen. The hits obtained from a screen might be more clinically relevant under certain conditions or by using a specific cell line or model system. A critical aspect to consider when choosing a cell line is whether it can be efficiently transfected/transduced to ensure that the cells take up most si/sh/miRNAs. Inadequate transfection/transduction will result in an incomplete representation of the library and increase the likelihood that candidates might be missed. Preliminary experiments using fluorescently labeled siRNA or lenti/retroviral particles encoding a fluorescent protein can quickly indicate the potential of a candidate cell line to be transfected or transduced. Under certain circumstances, the choice of the cell line is mandated by the biological question to be answered. In this case, a thorough optimization of the transfection/transduction protocol is imperative. Another consideration to take in account when choosing the experimental system is that the results can drastically differ depending on the assay conditions, even in the same cell line. For example, a comparison was done between three similar RNAi screens carried out by different groups to identify factors important for HIV replication [54] . All three groups used an siRNA format; two groups used a b-galactosidase reporter assay in HeLa cells [55, 56] whereas the third group used 293T cells [57] . Surprisingly, the overlap between the identified candidates was only 5-7%. It remains to be determined if these differences resulted from different experimental setups or from the statistical analysis of the candidates.
The broadcasting (the readout)
The readout is another crucial aspect of the screen: a broad readout might identify different genes involved in various processes. For example, Neumann et al. [58] used time-lapse microscopy of a fluorescently labeled histone coupled to machine learning to screen for genes necessary for mitosis, migration and survival. Any phenotype, measured directly or indirectly through a reporter, could be used as readout. Importantly, the readout should be assessed at a time when the phenotype is maximally expressed. For siRNA-based screens, most of the readouts will occur between 48 and 72 h posttransfection, although survival-based assays could be read at later time points. The timing of the readout is more flexible for shRNA-based screens: proteins that are rapidly depleted, and which therefore confer an immediate effect, can be assayed early in the screen, whereas proteins that have a longer half-life can be assayed at later time points. The format of the screen will influence the readout and its associated costs. For pool-based screens, simpler readouts like cell survival are often used, which help keep their costs to a minimum. For arrayed screens, more complex readouts can be accommodated with correspondingly higher costs. Free publicly available cell imaging software such as the CellProfiler suite, [59] [60] [61] , CellCognition [62] , Advanced Cell Classifier [63] , mmanager [64] , micropilot [65] and EBImage [66] can be installed on a variety of microscopes to help lower some of the costs.
The false prophets (the false positives/ negatives)
Once the readout has been chosen, its level of sensitivity should be experimentally measured and determined. If not sensitive enough, a high frequency of false negatives will be attained, and only a few (or no) candidates will be isolated. Conversely, if the readout is too sensitive, a significant number of false positives will be identified. In the former case, important candidate genes might be missed, and an incomplete or biased picture might emerge, whereas in the latter case the real candidates might be swamped in a sea of irrelevant hits and no significance would be detected. Furthermore, considerable amounts of time and reagents would subsequently be spent to confirm irrelevant candidates. The best way to ascertain the rates of false negatives and positives is to perform a pilot screen.
THE REHEARSAL (THE PILOT SCREEN)
Before spending valuable resources and efforts on a screen, the readout must be fine-tuned to generate reproducible results under normal experimental variations. Several factors influence the levels of false positives and negatives generated by the screen, including the number of cells that will be used, the concentration of drugs used to select for the anticipated phenotype and/or the stringency of the readout. The use of a negative controls, such as a scrambled, non-silencing or luciferase siRNA/ shRNA is imperative, as it will give a direct indication of the false positive rate. Repeating the pilot screen a few (two to three) times will also give an indication of the experimental variation inherent to the assay and allow fine-tuning of the experimental procedure. For example, an arrayed RNAi screen measuring levels of phosphorylated histone H2AX as a marker of DNA damage included several positive and negative control replicates on each plate to measure the daily experimental variability of the assay [67] . A 'dry run' experiment on a small scale and a 'reduced run' experiment (i.e. using a fraction of the library) at the actual scale should give a good indication of the feasibility of the screen and the likelihood of getting good results. This step should also be used to calibrate the assay and standardize experimental variations (for example, by using the same lot of antibody if using an antibody-based method for detection, or the same lot of serum to grow cells). A pilot screen will also help in planning the logistics, such as the time required to run the full screen as well as the equipment and supplies needed. For pooled screens, it is advisable (if possible) to include a positive control diluted at the level of the other shRNAs to verify that it can be recovered from the screen. This test could give an idea of the false negative rate intrinsic to the screen. During the pilot screens, an initial quality assessment of the screen can be made by looking at the candidates identified; some of the candidates should be expected to be recovered, or should fall in similar biological pathways or gene family. Once all the parameters have been optimized, the screen can now proceed.
THE PREMIERE AND THE CRITIQUE (INTERPRETATION AND VALIDATION OF THE SCREEN AND THE CANDIDATES) The Director's cut
Once the first results are obtained, a number of options are available to identify the valid candidates from the experimental background. In most screens, a range of phenotypes will be obtained due to variations in knockdown efficiency and the inherent phenotypic effect of the gene. There are several excellent reviews on statistical tests and parameters that can be used to get as much information as possible from the results of a screen [68] [69] [70] [71] [72] [73] , including free software to analyze high-throughput screen results (CellHTS2 [70] ). Although this step might seem trivial at a small scale, it becomes important when more than 100 000 candidates are tested concurrently. It is also suggested to compare the nucleic acid sequences of the different candidates as a recent siRNA screen to identify modulators of TRAIL-induced apoptosis identified a significant number of siRNAs acting through off-target effects due to micro-RNA effects from partial seed complementarity [74] . For siRNA pools (i.e. three to five different siRNAs targeting the same gene in a single well), it is often recommended to deconvolute the pool in order to identify the siRNA(s) responsible for the phenotype.
The re-run (duplicate/triplicate screen)
It is becoming standard procedure to run screens in duplicate or triplicate [47, [75] [76] [77] [78] [79] [80] [81] ]-an aspect that should be taken into account when designing a screen as it can significantly affect the price tag. To obtain reliable hits, it might be better to perform a screen in triplicate using a sublibrary than carry out a full genome screen with no replicate screen. Performing a screen multiple times has several advantages. For example, it can help lower the false-positive rate by identifying those candidates isolated in several screens. It also gives an indication of the 'depth' of the screen, i.e. how likely the major pathways have been found through the screen and that minor pathways have not been missed. In some cases, repeating the screen in an alternative cell line or mouse strain might help to narrow down the number of candidates by focusing on only those candidates that are conserved between the two cell lines/strains. However, it is important to keep in mind that a candidate's inability to reproduce the phenotype in the alternate cell line could be due to trivial factors such as sequence or splice variants of the target mRNA or differences in the abundance of the mRNA, which could affect the efficiency of the depletion. Alternatively, it could suggest that the phenotype under study can be regulated through different genetic networks depending on the cell lines or mouse strains investigated. This explanation was proposed for the little overlap obtained amongst similar screens that were done to identify factors involved in either hepatitis C [82] [83] [84] or HIV [55] [56] [57] replication, even though the same RNAi library was used in some cases.
The remake (alternate screen as secondary screen) Some candidates identified through an RNAi screen might reproducibly generate the phenotype of interest, however this might be due to the type of assay used for the readout or, as discussed below, to an off-target effect. For example, a screen relying on the activation of a reporter gene for the readout might pick up valid candidates but also general transcriptional repressors, which might not be specific to the process under study. To overcome such problems, several groups are now using an alternative, or orthogonal, screening procedure. For example, an RNAi screen aimed at identifying the factors that govern the identity of human embryonic stem cells (hESCs) used the H1 cell line stably expressing a reporter construct composed of the GFP gene driven by the POU5F1 promoter as a primary readout. The candidate siRNAs were retested in a secondary screen measuring the expression levels of the stemness markers OCT4 and NANOG in various hESC cell lines [85] . The secondary screen does not need to be as high throughput as the first round, as the number of candidates should have been reduced dramatically. The initial script should be designed with the secondary screen already in mind. In some cases, the RNAi library is already formatted towards a predicted secondary screen. For example, Bauer et al. [86] , who performed a screen using a siRNA library against the 'druggable genome' (i.e. a library targeting gene products that can be inhibited with a drug) to identify agents that enhance paclitaxel activity in breast cancer cells, used pharmacological agents to confirm their top scoring hits/genes. Candidates arising from such approach represent interesting pharmaceutical targets for clinical applications. Although some potentially good candidates might be weeded out at this step, the primary screen can later be revisited with a different type of secondary screen to potentially pick up candidates left behind by the first secondary screen. Some researchers will elect to carry out their duplicate/triplicate screen at this step instead of at the primary screen step, depending on the number of candidates obtained in the first screen as well as the costs associated with a re-run of the primary versus secondary screen.
Remix of the greatest hits
Once the list of candidates has been narrowed down, each candidate needs to be validated by redoing the assay with the same si/sh/miRNA identified in the screen to make sure it recapitulates the result. A second (and sometimes third) si/sh/miRNA targeting the same gene is also required to rule out off-target effects (see below). The second RNAi reagent could be from a different source; for example, an esiRNA could be used to confirm a hit that was obtained using a shRNA, as long as the sequence used to generate the esiRNAs does not overlap with that of the shRNA. However, it is important to keep in mind that different si/shRNAs targeting the same gene can give rise to different phenotypes; for example, they might either knockdown the target gene with different efficiencies thus leading to a different cellular response, they might target different splice isoforms of the mRNA, or the corresponding mRNA target sequence might harbor a polymorphism that affects its recognition by the RISC complex. Phenotypic differences can also be induced by an off-target effect associated with one of the reagents tested. Finally, another approach to validate candidate hits is to rescue the phenotype by expressing an RNAi-resistant version of the cDNA in the presence of the candidate si/shRNA. Zhou et al. [56] opted for a variant of this option in their screen for factors required for HIV replication by transfecting siRNAs targeting the 3 0 -UTR of their candidate gene while overexpressing the corresponding cDNA that lacked the 3 0 -UTR. A similar approach was also taken by Tai et al. [87] to confirm the requirement of the phosphatidylinositol 4-kinase PI4KA in the replication of the hepatitis virus. However, complications from detrimental effects associated with overexpression of the cDNA could arise in some cases. Neumann etal. [58] circumvented that potential pitfall by complementing their human cell line with a BAC expressing the mouse ortholog of their candidate gene under the control of its endogenous promoter. Due to the natural sequence divergence between human and mouse, most of the siRNAs targeting human genes should not target the orthologous mouse gene.
The off-screen (off-target and saturation) effects
Two specific problems associated with RNAi screens can be encountered. The first is when the si/shRNA recognizes another unintended mRNA target and impedes its translation, either through cleavage of the mRNA or translation inhibition, the so-called off-target effect. The second problem arises when the RNAi machinery is oversaturated with high levels of exogenous si/sh/miRNA which compete with endogenous sh/miRNAs for the available nuclear export complex exportin-5 or RISC complex and prevents them from exerting their normal function. This problem has been reported both in vitro [88, 89] and invivo [90] and can result in upregulation of genes normally regulated by endogenous miRNAs, causing toxic effects and even lethality in mice [90] . In both cases, the results obtained from the screen would identify genes that have no relevance to the original biological question. Off-target effects can often be ruled-out by targeting the same gene with a second independent shRNA/siRNA, as described above. An alternate si/shRNA might also solve the saturation problem in some cases, if they happen not to overload the machinery, but in most cases, a complementary secondary screen or complementation with an RNAi resistant cDNA as described above would be the best procedure. A recent example to circumvent the off-target effect was developed by Collinet and colleagues [91] which used three different genome-wide libraries (two siRNA and one esiRNA), at an average of seven to eight siRNAs/esiRNAs per gene, for a quantitative multiparametric image analysis (QMPIA) screen to identify factors involved in endocytosis. By monitoring 46 biological parameters of endocytosis for each esi/siRNA, they were able to obtain an average gene profile, thereby greatly reducing off-target effects of single esi/siRNAs.
The cast away candidates
For some RNAi libraries, not all the candidates obtained during a screen will map to a known gene. For example, shRNA libraries from Open Biosystems were built against all the transcribed sequences, regardless if they were annotated to a validated gene. With the recent discovery of several classes of non-coding RNAs such as piRNAs, lincRNAs and possibly other types yet to be uncovered, it is quite possible that the cast away candidates might truly be involved in the phenotype studied in the screen. It could be interesting to retest and confirm the role of these candidates in the phenotype studied, which could bring insight onto new gene regulation pathways.
The no-show star (the missing known gene)
Why do certain genes known to be involved in the phenotype being investigated end up missing from the list of candidates generated by a screen? None withstanding various biological implications such as redundant pathways, one possible technical reason could be that the design of the screen is not compatible with the detection of this type of candidates. It should also be noted that screens are almost never saturating, which means it is unlikely that all the candidates that can be isolated in fact will be detected. In addition, using the current RNAi technologies, some genes might not be knocked down with sufficient efficiency to generate a phenotype. Finally, in the case of pooled screens, it is possible that certain shRNAs might be overrepresented or lost from the population, due to variations occurring during the plasmid and/or the virus preparation steps.
The IMDb (Internet 'multi'-database) searches
With the list of validated candidate genes in hand, one can search the various available databases (public and/or private) for an independent confirmation of the validity of the candidates or to elucidate their mechanism(s) of action. In this regard, a vast amount of high-throughput data is now available online, including data from microarrays, proteomic and interactome studies, genetic networks, and small molecule and RNAi screens, as well as through various online computational resources such as gene ontology [92] . For example, the gene Gas1, identified through an RNAi screen aimed at identifying metastasis suppressor genes, was found to be downregulated in patients with metastatic cancer [51] using the database Oncomine [93] , which is a compendium of cancer transcriptome profiles with analysis engine.
EPILOG
The advent of RNAi technologies granted researchers a powerful tool to study the consequences of depleting a gene in a wide variety of living organisms. The availability of genome-wide RNAi libraries opened the door to captivating functional genomics studies and, as demonstrated by the ever-increasing number of publications, the possibilities of RNAi screens are almost limitless. However, RNAi libraries are not perfect tools, and one major issue associated with RNAi screening is the off-target effect. Another concern is the fact that not all of the si/sh/miRNA reagents have been validated to generate a significant knockdown, although some companies are in the process of generating validated libraries. It is thus crucial to continue improving the current RNAi libraries and generate new ones showing less off-target effects and giving a better genome-wide coverage. These improvements will undoubtedly increase the quality of the data retrieved from RNAi screens. Furthermore, the increasing availability of reagents from various laboratories and companies will allow RNAi screening to be performed at more affordable prices. As a result, RNAi screenings will soon become one of the standard tools scientists can use to answer biological questions, alongside cDNA library screenings or microarray studies. For the latter, a consortium of scientists has suggested the use of 'Minimal Information About a Microarray Experiment' (MIAME, [94] ) standards to allow other scientists to interpret the results of a microarray experiment. Similarly, a 'Minimal Information About an RNAi Experiment' (MIARE) set of reporting guidelines has also been suggested [95] , with the aim of helping researchers evaluate the quality of published screens. In order to perform a successful genome-wide or targeted RNAi screen, several considerations presented in this review need to be taken into account, and with the proper choice of actors, producers and a good script, RNAi can reveal its full potential and might be the first chapter of a successful series.
Key Points
RNAi screens can be accomplished via siRNAs, esiRNAs, shRNAs or miRNAs under an arrayed or pooled format. Positive (enrichment) or negative (depletion) RNAi screens can be performed using direct visualization or assays to select for the phenotype of interest. The design of the screen has to be thoroughly planned and tested; performing a screen multiple times can help reducing the rate of false positives. Careful validation and analysis of the results is imperative to reveal the true candidates. Choosing the appropriate RNAi reagent, type of screen and model system is critical for a successful RNAi screen.
